Abstract: A field experiment was conducted to measure the effect of different time of pinching with different levels of growth retardants on flowering behavior and yield of African marigold. Comprising of three levels of pinching i.e. un-pinched ,pinching at 20 DAT and pinching at 30 DAT and five levels of growth retardants using, control, Cycocel 500ppm, Cycocel 1000ppm, Alar 1500ppm and Alar3000ppm, during winter season of 2007-08 and 2008-09. Among the pinching 20 DAT with Cycocel 1000ppm was the best for improving floral and yield parameters of African marigold. Early pinching (20DAT) with higher concentration of Cycocel (1000ppm) was suggesting for maximum stalk length (9.07and 9.28) and flowers per plant (82.13 and 85.33), fresh weight of flowers (15.43g and 15.66g) yield of flowers per plant (635.33g and 667.93g) and vase life (11.33 days and 12.46 days).
Introduction
African marigold (Tagetes erecta L.) is a widely cultivated as bedding plants, loose flower, perfume, natural colure, pigments, carotinoids, insect and nematodes repellents, nutrient supplement for poultry feed (Arora, 1998) . Marigold plant habit of profuse flowering ,short duration to produce marketable flowers, wide spectrum of attractive colures, shape and size and good keeping quality, attracted the attention producers and traders mostly (Arora and Pal, 2003) . Marigold occupies anthelmintic, analgesic, antiinflammatory, aromatic, bronchodilatory, digestive, diuretic, emmenagogue, sedative and stoma tic properties (Kaul et al., 1997) . In case of pinching , the terminal portion of shoots is removed early, emergence of side branches starts earlier and more number of flowers of good quality and uniform size are produced (Singh and Arora, 1980) . In recent year, a number of plant growth retardants have been used in the field of agriculture for including more acceptable plant characteristics like compact growth, dwarfness, increase number of healthy branches and more number of quality flowers (Davis et al.,1988) which are the desired traits in modern floriculture industry. Effect of pinching, both manual and chemically; using Cycocel and alar was ascertained for improving the production of compact dwarf African marigold var. Pusa Narangi Gainda. Although a lot of information is available to maximum flowering and yield in commercially important plants yet comparative studies involving the use of growth retardants and pinching scarce. Therefore, an experiment was carried out to compare the effects of two growth retardants (Cycocel and alar) and manual pinching on African marigold var. Pusa Narangi Gainda. The objective of study was to enhance production of best quality loose marigold flowers by applying different pinching and growth retardants approaches.
Therefore, the present investigation was planned and undertaken with the following objectives. To study the effect of pinching on flowering and yield of African marigold, to study the effect of growth retardants on flowering and yield of African marigold and to find out the interaction effect of pinching and growth retardants on flowering and yield of African marigold.
Materials and Methods A field experiment was conducted at the main experiment station of department of horticulture of University, which is situated between 24.47 0 and 25.56 0 N latitude and 82.12 and 83.98 0 E longitude on an elevation of about 113 meters above mean sea level during winter season of 2007-08 and 2008-09. There were five chemical treatments i.e. Cycocel @ 0 ppm, 500ppm and 1000ppm and Alar 1500ppm and 3000ppm with three levels of mechanical pinching treatment (hand pinching) i.e. no pinching, pinching at 20 days after transplanting and pinching at 30 days after transplanting. Seed of African marigold var. Pusa Narangi Gainda were purchased from IARI, New Delhi. The seed beds measuring 3 m x 1 m size were thoroughly prepared and mixed with well rotten farm yard manure at the rate of 10 kg per meter square. Seeds were treated with Thiram @ 2.5 g/kg seed prior to sowing in the nursery bed. Treated seeds were sown in well-prepared raised nursery beds by line sowing during 15
th September, 2007 and 20 th September, 2008 . The transplanting of healthy seedlings after one month seed sowing in experiment unit of 2´2 meter, keeping row to row and plant to plant spacing 40cm x 40cm consisting of 25 plants per plot were transplanted at last week of October 2007/2008 in both the years. After transplanting light irrigation was given in field. Recommended doses of organic manure 10kg per plot and NPK @30g, 20g, 10g per meter square and other inputs were applied at appropriate time. Removal of apical bud portion was done at 20 day and 30 days after transplanting as per treatment. The chemicals were applied exogenously to the African marigold plant as foliar spray after 30days of transplanting, while plants sprayed with distilled water were used as control. The plants were sprayed one in their life span. The experiment was laid out in a randomized block design with thrice replication. Data were observed for days to bud initiation, days to first flowering duration of flowering, stalk length (cm) number of flowers per plant, diameter of flower (cm), fresh weight of flowers (g), yield of flowers per plant (g), vase life in days. The observations were analyzed statistically by using the methods described by Panse and Sukhatme (1989) . Data for all observations were analyzed statistically using Fisher's test (1958) .
Results and Discussion Effect of pinching:
The results presented in table-1 indicated that different levels of pinching proved affective in influencing the floral development in terms of days to bud initiation, days to first flowering, duration of flowering, stalk length (cm.) and number of flowers per plant. It is evident from the data that the days to bud initiation, days to first flowering and duration of flowering delayed significantly with pinching 30 days after transplanting. The delay in these floral parameters due to late pinching might be attributed to the fact that during the process of pinching physiologically mature portion of the pinched plant took more time for initiation of reproductive phase and become physiologically mature. Khandelwal et al. (2003) observed that the number of days to first flowering and duration of flowering were lower with early than late pinching in African marigold; The maximum number of flowers and stalk length of flower was noticed under late pinching (30 days after transplanting). This was mainly due to production of more branches by removing apical dominance of main shoot. In fact late pinching increase the diameter of flower because more energy is utilized for development of side branches whereas in un-pinched plants or early pinched plants in later stage energy was utilized for the development of flowers. Similar results were also obtained by Jhon and Paul (1995) reported that the Chrysanthemum morifolium Ramat. cv. Flirt with pinching significantly influenced the highest numbers of flowers per plant were recorded when plants were pinched once, 4 week after planting. Srivastava et al. (2005) reported the effect of pinching on flowering of African marigold (Tagetes erecta L.) cv. Pusa Basanti Gainda were decreased days taken to first flower bud initiation and increased duration of flowering, average size and weight of flower, number of flowers per plant with early pinching.
Diameter of flower, fresh weight of flower, flower yield per plant and vase life of flower were significantly increased by pinching treatment and recorded maximum under pinching done at 30 days after transplanting. The increase in this parameter under pinching treatment might be due to the fact that it checked apical dominance and diverted extra energy into the production of more number of branches and flowers, Shyamal et al. (1990) reported that apical dominance removed after 25 days of planting in marigold and china aster resulted in higher flower yield than removed after 15 or 35 days of planting. Joshi and Barad (2002) reported that in African marigold (Tagetes erecta) cv. Crackerjack pinching was carried out manually by clipping off the small portion of shoot along with an apical bud. The pinching treatments significantly increased fresh and dry weights of the plant as compared to no pinching. Sharma et al. (2005) observed the effect of pinching on the growth and yield of Tagetes erecta. Pinching 40 DAT increased the size and yield of flowers, compared to the control. Kumar et al. (2008) reported that the effect of pinching operation individually found maximum to reduce the weight of flower and increase the flower yield in African marigold (Tagetes erecta L.) cv. Pusa Basanti Gainda. This significant increase up to 20 days may be due to the increased number of branches. These results are in close conformity with the finding of Singh and Arora (1980) 
Effect of growth retardants:
The data pertaining to flowering characters are presented in table-1 Cycocel at lower concentration of 500 ppm and Alar at 1500 ppm were found to be very effective in early visibility of bud and flowering. Early bud initiation and flowering with Cycocel and alar treated plants might be due to the fact such plants have built up sufficient food reserves at initial stages due to reduction in plant height and increase number of branches. This reserve food has been utilized for reproductive purpose with a restriction on vegetative growth and also due to gibberellins action of Cycocel (Ramesh et al., 2001) . The maximum duration of flowering and number of flowers per plant were also recorded with higher concentration of Cycocel at 1000 ppm and Alar at 3000 ppm. Cycocel and alar increased the flower duration and number of flowers per plant by maintaining the levels of chlorophyll, protein and RNA content of leaves at a higher level for a longer duration suppressing the senescence (Kar et al., 1989) .
Application of Cycocel at higher concentration of 1000 ppm significantly increased the size and weight of individual flower. The maximum yield of flowers per plant and vase life of flower were observed with Cycocel 1000 ppm and alar 3000 ppm. The increase in yield of flowers per plant and vase life of flower might be attributed to the development of large number of auxiliary shoots as a result of cessation of terminal growth (Gowda and Jaynthi, 1991) . 2007-2008 2008-2009 2007-2008 2008-2009 2007-2008 2008-2009 2007-2008 2008-2009 2007-2008 2008- observed with combination of pinching at 20 DAT with Cycocel 1000ppm both the years. Aswath et al. (1995) in china aster and Kumar et al. (2009) in chrysanthemum. Naik et al. (2004) reported maximum flower yield in treatment pinching with CCC @ 1000 ppm. Joshi and Reddy (2006) confirm that the cycocel on the maximum number of flowers, flowers yield and flower longevity increased by cycocel in china aster.
